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Abstract 

A high-efficiency, 110-We (watts electric) Stirling Radioisotope Generator (SRG110) for possible 
use on future NASA Space Science missions is being developed by the Department of Energy, Lockheed 
Martin, Stirling Technology Company (STC), and NASA Glenn Research Center (GRC). Potential 
mission use includes providing spacecraft onboard electric power for deep space missions and power for 
unmanned Mars rovers. GRC is conducting an in-house supporting technology project to assist in 
SRG110 development. One-, three-, and six-month heater head structural benchmark tests have been 
completed in support of a heater head life assessment. Testing is underway to evaluate the key epoxy 
bond of the permanent magnets to the linear alternator stator lamination stack. GRC has completed over 
10,000 hours of extended duration testing of the Stirling convertors for the SRG110, and a three-year test 
of two Stirling convertors in a thermal vacuum environment will be starting shortly. GRC is also 
developing advanced technology for Stirling convertors, aimed at substantially improving the specific 
power and efficiency of the convertor and the overall generator. Sunpower, Inc. has begun the 
development of a lightweight Stirling convertor, under a NASA Research Announcement (NRA) award, 
that has the potential to double the system specific power to about 8 We/kg. GRC has performed random 
vibration testing of a lower-power version of this convertor to evaluate robustness for surviving launch 
vibrations. STC has also completed the initial design of a lightweight convertor. Status of the 
development of a multi-dimensional computational fluid dynamics code and high-temperature materials 
work on advanced superalloys, refractory metal alloys, and ceramics are also discussed. 
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Stirling Radioisotope Generator (SRG110) 
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Stirling Convertor Operation at GRC 
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Heater Head Life Assessment 
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Heater Head Structural Benchmark Testing 
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Heater Head Structural Benchmark Testing 
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Stator Bond Evaluation 
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Lap shear strength 
































































o 

DC 

CO 


CO 

co 

0 


0 

O 


co 

'(/) 

> 

c 

> 


-Q 

0 

0 

3- 

"O 

0 

0 ) 

0 

-Q 


CO 

!5 

0 

JQ 

O 


O 

CO 

'(/) 

> 

0 

£ 

0 

> 


-Q 

0 

0 


0 

if) 

3 

I 

if) 

0 


O 

0 

if) 

0 

+-* 

"O 

£ 

0 

to 

CO 

> 

0 

£ 

0 

E 

0 

+-* 

(0 

> 

(0 

3 O 
(0 £ 

"O 
£ 

0 


0 

> 

£ 

o 

o 


0 


o 

o 


o 

o 


1. 

0 

E 

-C 

o 

c 

0 

-Q 


O) 

c 

” (0 
® "5 

° "0 

E 2 

> CO 

5 5^ 

3 -Q = 

0 .Q 
= 0 
0 “ 
*“■ 0 


o 

3 

a_ 

+■» 

(0 

"O 

0 

0 


0 

+-» 

0 

0 


0 


0 


E CD 
£ % 
g£ 


0 

CO c 
£ 0 
a E 

0 CO 
0 CO 
0 


o 

~o 


CO 

+■» 

CO 

0 

+-» 

O) 

c 


c 

0 0 

c “ .3 w 

“ — 3% +■» 


CO 

CO 

0 


.2 ~o 

0 s 

N jK 

0 ^ 
4= <D 

s 

re f 


re .2 T3 
i (/) c 

§ > M 
re ■“ 
c 


0 


£ 

0 
c 
o 0 

£t 


0 

~o 

c 

3 

a. 

O 

"O 

0 

+■» 

0 

Q 

E 

o 

o 


N 0 
's- 0 

0 S- 

■ • 3 

X 


w c 
00 0 


CO CD CO 


0 M- 


N Cfl O O 

- IS ~ IS 


0) if) 
C CD 
O ~ 
o 
c 


CO 

0 

CO 

o 


2 c c 

= S- 0 

miJ O) 

(O i L 

SCO 


co 

csi 

6 

i 

-C 

0 

£ 

CO 

0 

0 

CO 


CO 

CO 

> 

0 

c 

0 

0 


e 

o 

CO 

c 

0 

CO 

co" 

5 

0 

£ 

o 

0 

E 

a. 

0 


jo 

0 

0 

CO 

0 

c 

a- 

0 

+-» 

c 

if) 

.£ 

O) 

3 

O 


"O 

0 

0 


3 0 CO 
X O) 

0 C C 
5= 0 

0 O o 
O X CD 
0 0^ 

at 6 
-q if) 5 co 

0 
c 
c 
0 


w 0 

O 


0 

(0 

0 

-Q 

0 

+-* 

0 

"D 

s_ 

0 

O 

o 

o 

o 

o 

"D 

c 

0 

CO 

b 

o 


_co o 

c 

o 


0 

3*. 

0 

a 

o 

"O 

0 

"O 

£ 

0 


X 

LU 


co 

Cjl 

6 

i 

c 

0 

U) 

0 

Of 

0 

0 

CO 


0 

"D 

O 


O 

E 

0 

£ 

> 

Q 

E 

0 

0> 

> 

CO 

"D 

£ 

LU 


CO 

o 

E 

0 

£ 

> 

"D 

O 

E 

3^ 

0 


"O 

0 

> 

o 

L. 

Q. 

E 


0 

"O 

O 

O 

U) 

£ 


CO 

0 

O) 

0 

CO 


U) 

£ 

a 

t 

0 


0J O 


"O 

£ 

LU 


> 

0 


0 

"O 

£ 

3 

£ 

O 

"43 

0 

"O 


"D 

£ 

0 

o 

a 

o 


o 

-Q 

> 

-Q 


0 

E 

a 

o 

0 

> 

0 

"O 

3. 

0 


£ 

O 

o 


T3 

0 

CO 

3 

O) 

£ 


0 0 
> CQ 


NAS A/TM—2005-213628 


11 








Advanced Technology for Stirling Convertors - Goals 
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Multi-Dimensional Stirling CFD Performance Code 
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multi-D transient and steady-periodic codes fast enough for design 









High-Temperature Materials 
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Sunpower Lightweight Convertor 
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Power remained nearly constant and no damage in initial assessments after test 








STC Lightweight Convertor Design 
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Decreased diameter and length for improved packaging and further system mass 
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C-26 See Qiu - C-31 












Key GRC efforts continue in support of SRG110 development 


~D 

5 E 

CD 3 


=**= £ 
°8 C 

5 io 
5 =«= 

to 08 


■= O- 

o> | 

c O 


= ° 
05 > 

> > 
CO 2 

"5 0 


05 W 
<D ^ 
-C (0 
M- C 


o 

Q 

in 

=H= 

w 

O) 

> 

■4-* 

H 

(0 



M- 

b 

(0 

!5 

o 

Q 

0 

0 

+-» 

(0 

H 

4M 

0 

0 

M— 

L. 

a. 

+-» 

O 

0 

~o 

c 

~o 

E 

0 

o 

0 

.c 

(0 


tr 

o 

0 

0 

0 

c 

-Q 

"O 

+-» 

(0 

4-1 

0 

-Q 

O 

~o 

0 

"0 

(0 

0 

0 

a- 


"O 

c 

0 

4-» 

!— 

0 

0 

3 

*-* 

o 

3 

JQ 

0 

-Q 

+J 

X 

> 

a. 

O 

a- 

LU 

CO 

CO 

0. 


I I I I 


m to 

jS C 


0 m 

T3 0 

1 I 

Q- «/, 

"o c/j 

5 g 

o = 

O T3 

CA = 

E ro 

0 ) re 


■a c 
re re 


= <D 

o o 

a 

C/> (A 

o Q. 

*5 d) 

re re 
re ■o 

C T3 

re c 
O) re 


re re 
Q. o 
o re 

o| 
■5 3 

.2 (A 
T3 3 

re c 
*- re 
o> 


=6 E = 


co 2 

° T3 

re J. 

If 

O CD 

T3 X 
< 0 


C * 
.E CM 


0 (0 
0 2 


(/) 

■“ 0 


O (0 
O 

v 2 
re ® 

I • 

o | 

0 £ 
> 

CD Q. 

Q O 


a-re 

is 

O d) 

O a) 


(0 ® 
3 ^ 

n. _«> 

2^ 

■D 00 
C = 

:1 

g s 

lr 

|l 

*< .a 

C M- 

0 o 
= 0 
0 Q. 

a! 

re £ 

C 0 

5 to 
o > 

-C (0 

to 0) 

>1 

-I 

2 o 
o *- 

t 15 
0 -2 

o ® 

8 O 

0) °- 
c 0 


.?T3 

0 c 
O) 


NAS A/TM—2005-213628 


18 



REPORT DOCUMENTATION PAGE 

Form Approved 

OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1. AGENCY USE ONLY ( Leave blank) 

2. REPORT DATE 

April 2005 

3. REPORT TYPE AND DATES COVERED 

Technical Memorandum 

4. TITLE AND SUBTITLE 

5. FUNDING NUMBERS 


Supporting Development for the Stirling Radioisotope Generator and Advanced 
Stirling Technology Development at NASA Glenn Research Center 


6. AUTHOR(S) 


Lanny G. Thieme and Jeffrey G. Schreiber 


WB S-22-972-20-01 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
John H. Glenn Research Center at Lewis Field 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


E—15 111 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Washington, DC 20546-0001 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 


NASA TM—2005-213628 


11. SUPPLEMENTARY NOTES 


Viewgraphs prepared for the Space Technology and Applications International Forum (STAIF-2005) sponsored by the 
University of New Mexico's Institute for Space and Nuclear Power Studies (UNM-ISNPS), Albuquerque, New Mexico, 
February 13-17, 2005. Responsible person, Lanny G. Thieme, organization code RPT, 216^433-6119. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Unclassified - Unlimited 
Subject Categories: 20 and 44 

Available electronically at http://gltrs.grc.nasa.gov 

This publication is available from the NASA Center for AeroSpace Information, 301-621-0390. 


12b. DISTRIBUTION CODE 


13. ABSTRACT (Maximum 200 words) 

A high-efficiency, 110-We (watts electric) Stirling Radioisotope Generator (SRG110) for possible use on future NASA Space Science 
missions is being developed by the Department of Energy, Lockheed Martin, Stirling Technology Company (STC), and NASA Glenn 
Research Center (GRC). Potential mission use includes providing spacecraft onboard electric power for deep space missions and 
power for unmanned Mars rovers. GRC is conducting an in-house supporting technology project to assist in SRG110 development. 
One-, three-, and six-month heater head structural benchmark tests have been completed in support of a heater head life assessment. 
Testing is underway to evaluate the key epoxy bond of the permanent magnets to the linear alternator stator lamination stack. GRC 
has completed over 10,000 hours of extended duration testing of the Stirling convertors for the SRG110, and a three-year test of 
two Stirling convertors in a thermal vacuum environment will be starting shortly. GRC is also developing advanced technology for 
Stirling convertors, aimed at substantially improving the specific power and efficiency of the convertor and the overall generator. 
Sunpower, Inc. has begun the development of a lightweight Stirling convertor, under a NASA Research Announcement (NRA) 
award, that has the potential to double the system specific power to about 8 We/kg. GRC has performed random vibration testing 
of a lower-power version of this convertor to evaluate robustness for surviving launch vibrations. STC has also completed the initial 
design of a lightweight convertor. Status of the development of a multi-dimensional computational fluid dynamics code and 
high-temperature materials work on advanced superalloys, refractory metal alloys, and ceramics are also discussed. 


14. SUBJECT TERMS 

Stirling engines; Nuclear electric power generation; Deep space; Mars; Roving vehicles; 
Life (durability); Epoxy resins; Computational fluid dynamics; Heat resistant alloys; 
Refractory metals; Ceramics; Regenerators; Dynamics; Reliability 


15. NUMBER OF PAGES 

24 


16. PRICE CODE 


17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 


18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 


19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 


20. LIMITATION OF ABSTRACT 


NSN 7540-01-280-5500 


Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



























